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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM
for the

Air Materiel Command, U. S. Air Force

THE INFLUENCE OF DIMENSIONAIL. MODIFICATIONS UPON THE SPIN AND
RECOVERY CHARACTERISTICS OF A TATLIESS ATRPLANE MODEL
HAVING ITS WINGS SWEPT FORWARD 150 (CORNELIUS XFG-1)

By Ralph W. Stone, Jr., and Iee T. Daughtridge, dJr.
SUMMARY

An investigation has been conducted in the Langley 20-foot free-
gpinning tunnel on a -scale model of the Cormelius XFG-1 glider, a

17.8
tailless design having7its wings swept forward 150. It was previously
found to possess erratic spin and recovery characteristics, and tests
were made to determine modifications which would lead to normal steady
spins with consistently good recoveries.

The results of the investigation indicated that modifications that
did not apprecliably alter the basic design did not appreciebly improve
the spin and recovery characteristics. In this instance it appears that
the sweptforward wing is the cause of unsatisfactory spin and recovery
characteristics.

TINTRODUCTION

Tests of models of the Cornelius XFG-1 glider have been made in the
Langley 20-foot free-spinning tummel and are reported in references 1
and 2. These results showed that the glider would spln srratically and
that full reversal of the rudder followed by full reversal of the elevator
would be necessary to stop the spin and to regain normal flight. Emphasis
was made on the fact that care must be exercised by the pllot in order to
avoid entering an inverted spin followlng recovery from the erect spin.
Subsequent to the model tests, spin tests were made on the second full-
scale Cornelius XFG-1 glider (the first glider having been lost during the
initial full-scale spin tests. (See reference 2.) During spin tests of
the second glider, the pilot was able to recover from a spin in one attempt,
but in another attempt use of a spin-recovery parachute was necessary. The
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pillot felt that because of the oscillatory nature of the spin, the sequence

of control movements required for recovery was too critical and that recov—

tondied il UL CalA

ery by control movement might not always be poasible.

In view of the difficulties encountered with this design and because
of general interest in tailless airplanes, Air Materiel Command,
U. S. Air Forces, requested further tests of the Cornelius XFG-l glider
design in the Langley spin tunnel to determine modifications which would
cause a normal steady spin with consistently good recoveries.

The present tests were performed with a model ballasted to simmlate
the loading of the second glider during its full-scale spin tests. During
this investigation, determination was made of the effects of increased
rudder deflections, of increased rudder chord, of installation of slats,
spoilers, ventral fins, and horizontal tails of varying size and aspect
ratio, of increased vertical-tail length, of wing fillets, and of changes
in wing aspect ratio.

SYMBOLS

b wing span, feet

S wing area, square feet

[ mean aerodynsmic chord, feet

x/ c ratlo of distance of center of gravity rearward of leadlng
edge of mean eserodynamic chord to mean aerodynemic chord

z/E ratio of distance between center of gravity and fuselage
center line to mean asrodynamic chord (positive when
center of gravity is below fuselage center line)

m mass of glider, slugs

p air density, slug per cubic foot

° relative density of ailrplane ( >

Ix, Iy, Ig moments of inertia about X-, Y-, and Z-body axes, respec-
tively, slug--fee’c2

IX - Iy

—_— inertia yawing-moment parameter

mb2 .
IY - IZ

inertia rolling-moment paramster
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IZ - Iy
—— inertia pitching-moment parameter
mb2
a angle between fuselage center line and vertical (approxi-
mately equal to absolute value of angle of attack at
plane of symmetry), degrees ;
¢ angle between span axis and horizontal, degrees
v full-scale true rate of descent, feet per second
full-scale angular velocity @bout spin axis, revolutions
per second
o helix angle, angle between flight path and vertical, degrees
B approximate angle of sideslip at center of gravity, degrees
(Sideslip is inward when the inner wing is down by an
amount greater than the helix angle.)
APPARATUS AND METHODS
Model
A new 1 -gcale model of the Cornelius XFG-1l glider was used for

17.8
these tests. The model was built by the Langley Laboratory with provisimas
for dimensional modifications for ths present investigation. A three-view
drawing of the model 1s presented in figure 1. The dimensional character-
istics of the full-scale glider are given in teble I. Photographs of the
model are shown in figure 2.

The model was ballasted with lead weights to obtain dynamic similarity
to the glider at an altitude of 28,000 feet (p = 0.000957 slug per cubic
foot). This rather high altitude was necessary in order to permit accurate
ballasting of the model, which was built strongly and heavily to avoid
frequent damage during testing. A remote-control mechanism was installed
in the model to actuate the controls for recovery tests. Sufficient
moments were exerted on the control surfaces during recovery tests to move
the controls fully end rapidly.

Wind Tunnel and Testing Technique
The model tests were performed in the Langley 20-foot free-spinning

tunnel, tho operation of which 1s similar to that described in reference 3
©~w +ha Langley 15-foot free-spinning tumnsl. The techniques used for
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obtaining and converting data for the present free-spinning tests were
the same as those used in references 1 and 2 and described in reference 3.

Spin-tunnel tests are made to determine the spin and recovery
characteristics of the model for the normal-spinning-control configuratim
(elevator full up, aileron neutral, and rudder full with the spin) and at
various other ailsron-elevator control combinations, including zero and
maximum deflections. Recovery is normally attempted by rapid, full rudder
reversal, although, for the present investigation, some recoveries were
also attempted by various combinations of simmltaneous’ rudder and elevatar
movements. The criterion for a satisfactory recovery in the tunnel has
been adopted as two turns or less by rudder reversal or a combination of
rudder and elevator reversal. This value has been selected on the basis
of spin-tunnel experience and on the basis of compareble full-scale sgpin-
recovery dats that are available.

Precisicn

The model test results presented herein are believed to be the true
values glven by the model within the following limits:

o, degree « « « .
¢, degres . . . .
V, percent . . .
Q, percent . .
Turns for recovery
From motion-picture reCordS « « « o o o o o o « s o o o o o o o o =
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The preceding limlts may have been exceeded for the spins which were
wandering or extremely osclllatory and, therefore, difficult to control in
the tummel.

Comparison between model spin and airplane spin resulits (references 3 °
end %) indlcates that spin-tunnel results are not always in complete agree-
ment with airplane spin results. In general, the models spin at a some-
what smaller angle of attack, at a somewhat higher rate of descent, and at
from 5° to 10° more outward sideslip than do the corresponding airplanes.
The comparison mede in reference 4 for 21 airplanes showed that approxi-
mately 80 percent of the models predicted satisfactorily the number of turns
required for recovery from the spin for the corresponding airplanes and
that approximately 10 percent overestimated and approximately 10 percent
underestimated the number of turns required. It cannot be stated for
certain whether or not this applies to such an unusuwal configuration as
that of the Cormelius XFG-1 glider as the comparison mentioned above was
made for conventional airplanes; however, existing full-scale results on
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the Cormelius XFG-1 glider are in general agreement with spin-tunnel model
results, especilally with regard to the general oscillatory motion of the
spin and the rates of descent and rotation.

Because it is impracticable to ballast the model exactly and because
of inadvertent damage to the model during tests, the measured weight and
mass distribution of the model varied from the true scaled-down values
within the following limits:

Weigtlt, Percent e ®© ® @« 8 © @ ®© @ e+ ® & @ © ® & @ e e » From O to 2 high_
Center-of-gravity location, percent ¢ « . « . . . . From O to 2 rearward
Moments of imertia: .

Iy, percent « o o ¢ ¢ o 0 v o v s o0t e e e From 1 high to 9 high

IY,Percent L R T .From210‘wt016high
IZ, Percent ® @ ® e e 6 e & 8 e+ & e e + e = @ FI‘OIII. 2 high. ’tO 16 high

The accuracy of measuring the weight and mass distribution is believed
to be within the following limits:

e L] - L] . L] o * L ] L ] L] . L] L] L] L] i]-
pa §

. . . . . . L3 . . . . . . . . . -i-5

Welght, percent « « « « o o ¢ « o .
Center-of -gravity locatlon, percent
Moments of inertia, percent . . . .

e Q] ¢

Controls were set with an accuracy of *1° .

Test Conditions

A list of the conditlons tested on the model 1is presented in table IT,
and sketches of the modifications used for the various conditions are pre-
sented in figures 3 to 14%. For some of the conditions tested, the aspect
ratio of the wing was changed. (See fig. 9.) This change was obtained by
decreasing the span of the original wing.

A1l the tests except those with the decreased wing aspect ratios were
performed with the model loaded to represent the second glider as it was
loaded when flight-tested; this loading 1s subsequently referred to in
this paper as the normal loading. For a few tests, the center of gravity
was moved rearward from the normel position, and for other tests, the

I, -1
inertla yawing-moment parameter _X____z_f was Increased positively. The

mb
loadings for the two cases in which the wing aspect ratio was decreased
were arrived at by keeping the model wing loading constant and by decreasing
the moments of inertia about all three body axes in proportion to the
resulting decrease in weight; in each case the center of gravity was moved
in order that i1t would remain at a constant percentage of the mean aero-
dynamic chord, which increases in length as the aspect ratio decreases.

The mass characteristics and inertia parameters for the glider loading and
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for all the loadings tested on the model are given in table III. The
inertia parameters for the actual model loadings tested and for the full-
scale glider loading are plotted in figure 15.

The maximum control deflectlons used in the tests were as follows:

Rudder, degrees « « « « » o« o o s o o o « s + o « o o+ « 25 right, 25 left
Elevator, degrees « « « « + ¢ + ¢ v ¢+ v s Ve s v v s v« 30 up, 20 down
Allerons, degrees . « « ¢« ¢ o o ¢« o s o o s s s o o+ o 20 up, 15 down

Alternate and intermediate control deflections used were as follows:

Rudder, dogrees « « % « o « o + o ¢ o o ¢ o o o o e 0 o 0 o .. U5 right
Elevator, two—thirds down, degrees . . « « ¢« ¢« ¢ ¢ o « ¢« ¢« o « o . . 14
Elevator, cne—third down, degrees . . « « « « « ¢ ¢ ¢ ¢ ¢ o o« o . . LT

RESULTS AND DISCUSSION

Before starting the regular test program, repeat spin tests of the
model in the original XFG-1 configuration were made and the results are
presented in chart 1. The results of tests of model conditions involving
revisions which had little or slightly adverse effect on the spin and
recovery characteristics are presented in table IV. Charts 2 to 5 present
the results of model conditions in which the revisions tested improved the
spin and recovery characteristics. All the tests &re presented for spins
to the pilot's right; however, check spins were made periodically to the
pilot's left bto insure that the model performed symmetrically and that the

results presented were a true representation of expected full-scale results.

Original Condition

The results of tests with the model in the original configuration
(chart 1) are in general agreement with the results for corresponding
conditiona reported in references 1 and 2. In general, the model spun in
a Tlat stalled attitude and was oscillatory about all three axes. The
rotation about the vertical axis was stopped by rudder reversal, but when
the elevators were up or meutral the model usually remained in a stalled
glide after the rotation had ceased. Recovery tests made by movement of
both the rudder and the elevators showed that movement of the elevators
to full down made the model dive from 1ts normally flat stalled attitude.
Figure 16 is a reproduction of a motion picture of a spin of the model in
the original condition at the normal control configuration for spinning
(stick full back and laterally neutral, and rudder full with the spin).

The oscillations obtained on the model are similar to those reported
for conventional type alrplanes in reference 5. Reference 5 indicates,
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however, that changes in mass distribution such as to increase positively
or decrease negatively the value of inertla yawing-moment parameter lead
to steady spins or at least less violent conditions. Variations in mass
distribution on the XFG-1 design (table IV and reference 1) did not
influence the osclillations obtained and it 1s believed therefore that the
oscillations are the result of the swept-forward tailless configuration
rather than the distribution of mass or of side area as indicated for
conventional airplanes in reference 5.

The pilot's report of the spin tests of the second XFG-1 glider
substantiated the general characteristics of the spin as cobtained on the
spin-tunnel model. As previously indicated, however, he felt that the
necessary control movements required for recovery were too critical and
that recovery may not always be possible. It may have been that, because
of the oscillatory motion, the pilot found it difficult to properly orient
himself to make the proper control movemenis. Also because of the violence
of the osclllatory motion, the glider may have entered an inverted condi-
tion during recovery so rapidly that the pilot was not aware that the
glider had passed through the unstalled region. Danger of rapidly entering
such an inverted condition is indicated by the results of chart 1 and
warning of this danger was made in references 1 and 2.

The results of numerous revislions made to the model in its original
condition which had negligible or adverse effects on the spin and recovery
characteristics of the model are presented in table IV(a). In order to
expedite the test program, many of the revisions presented in table IV
which did not appear very promising were not tested completely. The tests
were made for various representative control configurations and the results
80 obtained were considered an indication of the degree of effectiveneas
of the revision. These results are not discussed in detall but are pre-
gented as an indication of the variety of modifications considersd and as
an indication of the difficulty of making the XFG-1 configuration satis-
factory as regards normal steady spins with consistently good recoveries.

Increased Verticel-Tail Length

Consideration of +the problem indicated that possible improvement of
the gpin and recovery characteristics of the XFG-1 design could be obtained
if the vertical tail and rudder were more exposed in spinning attitudes.
In order to unshleld the rudder from the wake of the wing, the vertical
tall was moved rearward, a distance equal to one-half the mean asrodynamic
chord. (See fig. 10.) The results of tests with the vertical tail in
this position are presented in chart 2. Camparison of the results in
chart 2 with those in chart 1 showed scme improvement in that there appeared
to be more of a tendency for the model to spin at somewhat steeper average
attitudes. The violence of the osclillations were, however, nearly as great
ag for the original condition and the down movement of the elevators for
regalining unstalled flight was still nscessary. Figure 17 is a reproduction
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of a motion picture of a gpin of the model with increased veritical-tail
length for the normal control configuration for spinning (rudder full wita
the spin, ailerons neutral, and elevators full up).

The results of tests of several other revisions to the model, with
the vertical tail in its rearward position, which had 1little or no addi-
tional effect on the spin and recovery characteristics of the model, are
presented in table IV(b).

Tnstallation of Horizontal Fins and Strips

Results of the tests presented in table IV(b) indicated that
installation of horizontal fins and strips had a small Tavorable effect
upon the spin and recovery characteristics and, accordingly, these modi-
fications were tested in combination with increased tail length. The
results of thess tests are presented in charts 3 and L for two center-of-
gravity positions and indicate a definite btrend for the spins to be at a
steeper average angle of attack than were those for the model without
these revisions. The spins, however, were still osclllatory as were those
for the unrevised model. Figure 18 is a reproduction of a motion picture
of a 3apin of the model in this condlitlon for the normal control configi-
rations for spinning. The results of recovery tests showed a deFinite
improvemsnt in the required recovery procsdure in that it was necegsary
only to neutralize the rudder and %o move the stick to only two-thirds
forward to obtain satisfactory recoverieg. The dangsrs coincident #ita
the nscessary control movements for the unrevised design are in part
avolded in thet merely neutralizing the rudder will not be conducive to
starting the inverted spins warned against, and movement of the stick to
only two-thirds forward will not cause the airplene to go into an invsrted
attitude a3 readily. Tt ig believed, howsver, that some of the difficulties
encountsred in full-scals gpins for the original design may still be
encountered primarily because of the oscillations which peraist sven with
these revisions. A comparison of the rssults of charts 3 and 4 indicats
only little effect of rearward center-of-gravity wmovement on the spin and
recovery characteriastica.

Comparison with Sweptbatk Tailless Designs and Effect of
Adding a Horizontal Tail

Inasmich as none of the modifications investigated was effective in
eliminating the oscillatory spimming characteristics, a comparison was
made with results of spin-tunnel tests of sweptback tailless configuratims
and the effect of adding a horizontal tail was investigated. The compari-
son wilth the 3pin characteristics of models of several aweptback tailless
_ designs indlcated that none had the oscillatory spinning charactaristics
of the sweptforward XFG-1 design. For one design having its wing swept
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back 350 and having unshielded vertical fin and rudder area, steady spin
and satisfactory recoveries were obtained. 1t appears, therefore, that
the difficulty encountered in the present investigation may be attributable
to the forward sweep of the wings. Tesats with a horlzontal tail installed
(chart 5), however, indicate that wlth such an instaellation normal steady
spins and satlisfactory recoveries can be obtalned. It aeppears, therefore,
that the unsatisfactory oscillatory spinning characteristics of the

XFG-1 design are the result of the sweptforward end tailless combination.

CONCLUSIONS

Based on the results of tests of a 1 -gcale model of a tailless

17.8
design having its wings swept forward (Cornelius XFG-1 glider) , the

following conclusions regarding the spin and recovery characteristics of
the alrplane are made:

1l. Revisions which do not appreciably alter the basic design will not
appreclably improve the spin and recovery characteristics of the airplane.

2. In this instance it appears that the sweptforward wing is the
cause of unsatisfactory spin and recovery characteristics.

Langley Aeronsutical Laboratory
National Advisory Commititee for Aeronautics
Langley Field, Va.

Gl . Lowe f.

Ralph W. Stone, dJr.
Aoronautical Research Scientist

Leo T. Deughtridge, Jr. ‘wer KMS.
Aeronautical Engineer

Approved.: _%W/ y M

Thomgs A. Harris
Chisf of Stability Research Division

RCM
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE CORNELIUS XFG-1 GLIDER

Wing span, £t . . « . « . « ¢« . oo . ...

~

Iength over &11, £t . . . . . . . . . . .

Wing:

Area, sq £t . . . . . o o o000 000
Incidence, deg

Root v v ¢ ¢ ¢ v o v v v o v e v e e e
Aspect ratio . . . . .
Dihedral along quarter- chord line, deg . e
Sweepforward at quarter-chord line, deg . .
Mean aerodynamic chord, in. . . . . . o .

Aillerons:
Area (rearward of hinge line), sg £t . . ..
Span, in... . . . . . . .

Chord (rearward of hinge line) , percent wing
Elevator:

Aresa (rearward of hinge line) ,sq ft . ..

Span, in.. . . . . . .

Chord (rearward of hinge line) s percent wing

Vertical tail:

Area, sq £t . . . . . o o 00 o0 0. L
Span (from center line of glider), in. . . .

Rudder area, sq £t . . . . . .

chord

. . 5%
. 29.4
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TARLE IT.- CONDITIONS TESTED ON THE #‘B-SCAIE MODEL OF THE CORNELIUS XFG-1 GLIDER
Data on
Humber Loading Modifications Figure
Chart |Table
Original vertical taill

1 Normal Tone ' 1

2 Hormal Alternate rudder deflection ) - Iv -—
3 Hormal 50-perceut-yrw1dar-cho;d increase ——— v 3
y Normal Sharp-leading-edge wing ' _— Iv -
5 Hormal Wing-tip extension with negative dihedral -— Iv 4
6 Tormal Ventral fin -— | 5
7 Normal Horizontal fins A ——— v 6
8 Normal Horizontal fins B - in 6
9 Normal Horizontal fins C ——- v 6
10 Horm‘.‘L Horizontal fins D -— v 6
n Normal Horizontal fins E - v 6
12 Normal Horizontal fins F ——— Iv 6
13 Normal Horizontal fins G -—- v 6
1k Tormal Spoilers A ——e | IV T
15 Normal Spoilers B -— v T
16 Hormal Spoilers C — w 7
7 Hormal Spoilers D -— ha T
18 Normal Spollers E —— v T
19 Normal Slats A — v 8
20 Normal Slats B - Iv 8
21 Normal Slats C - v 8
22 Hormal Slat B - inboard wing e | ™ 8
23 Normal Slat C - inboard wing ——- v 8
2k Normal Wing A (aspect ratio 5.67T) ——- v 9
25 Noxmal Wing B (aspect ratio 3.58) —— v 9
26 Normal Wing A - squared wing tips — iv 9
27 Normal Wing A - slat B - lav 8,9
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TABLE IX.- CONDITIONS TESTED ON THE I;'T8—-SCAIE MODEL OF THE CORNELIUS XFG-1 GLIDER - Concluded
Data on
Humber Loading Modifications Figure
Chart | Teble
Original vertical tail
28 Hormal Wing A - slat C - outboard wing - | IV 8,9
29 Toxmal Wing A - squared wing tips - slat B — iv 8,9
30 Normal VWing A - 8lat B - on inboard wing ~—- iv 8, 9
31 Hormal Wing B - decreased fuselage length ~——- v 9
32 Hormal Wing B - slat A - | ™ 8,9
33 Normal Wing B - slat A - inboard wing - v 8,9
34 Normal Wing B - squared tips - slat A — v 8,9
35 Normal Wing B - squared tips - slat A - inboard wing ~—- g 8,9
“Increased vertical~tail length
36 Hormal Tone 2 R 10
37 | Iy and I, increased | None e | ™ 10
159 percent IX
38 Iy and I, increased | None - v 10
319 percent :l'_x
39 Normal Wing fillets A ~—— v 10, 11
ko Normal Wing £illets B -—— v 10, 11.
4 Hormal Wing fillets C .- v 10, 11
%] Hormal Horizontal strips A -—- v 10, 12
43 Hormal Horizontal strips B -— iy 10, 12 -
71 Normal. Horizontal strips C -— Iv 10, 12
45 Hormal Horizontel fins A - | v 10, 13
46 Hormal Horizontal fins B -— v 10, 13
k7 HNormal Horizontal fins B - horizontal strips C 3 --- |10, 12, 13
48 ] cC.g., 5 percent © Horizontal fins B - horizontal strips C L --- }lo, 12, 13
rearvard
49 Normal Horizontal fins C — v 10, 13
50 Normal Horizontel fins D -—- v 10, 13
51 Normal Horizontal tail A 5 i 10, 1k

13



TABLE ITT.- MASS CEARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADING OF THE CORNELIUS XFG-1 GLIDER AND

FOR LOADINGS TESTED ON THE MODEL

@Iodel values converted to corresponding full-scale velues and moments of inertia are glven about the center of 4

Rolative
Center-of -gravity alrplane Moments of ingrtia
location density (slug-feet%) Mass paa
(TR .
Condition Welight '
(&) Alt1- Iy - Iy I, -
= - Sea | tude of Y
x/e 2/8 | 1over|oB000 | X | T | Tz 3 —
feet mb mb
Glidexr values
Normal loading sk 0.20 0.02 3.09 7.67 | 4805 | 4510 | 800 | 7.2 x 107 | 2995
Model values
o mgi;‘iii ’;S;l h561 0.20 0.02 3.10 7.70 | 4870 | 4h27 | 880L | 10.7 % 1074 -105.9 »
Yo aspejgza:ﬁfc’, 5.67 3814 0.17 0.02 %.05 | 10.07 | kok3 | 3839 | 7258 | 10.2 -171
e aspei?giﬁé 3.58 2913 0.19 0.02 | 6.13 | 15.24% | 2699 | 3210 | 5347 [-TL.5 -298.9
N°r§§igt§2ndmge P 4530 0.20 0.02 | 3.08 | 7.65 | 4831 | 4483 | 8ok | 8.5 -102.6
C'Bi;n;ﬁiiiinﬁ ai’lrem ward 14530 0.25 0.02 | 3.08| 7.66 | 4829 | hsu2| 8754 | 7.0 -102.4
IX and I, increased
159 percent Iy, lengthened| 5030 0.20 0.02 3.42 8.49 |(12,526| 4483 |16,389|176.6 -261.4
tail
Iy and Iy increased
319 percent Iy, lengthemed| 5531 0.20 0.02 3.76 9.3% |[20,221| 4483 |2k,083(31L4.1 -391.2
tall
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|:Model condition and loading as indicated; model was launched with spimning rotation to the right; rudder full with

TARLE IV.- EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS (F A —-J'—'-SCAIE

MODEL CF THE CORNELIUS XFG-1 GLIDER

the spin; recovery attempted by rudder reversal except as mdicabeﬂ

17.8

Rocovery for aileron
Condition Model condition position indicated
nun(ﬂ:e)sr Remarks
a Elevator Full Full
Rovision or combination of revision positicn inst Noutral with
(a) Original vertical-tail length
w | 33 |23
Alternate rudder deflectlong 2 Hotion obtained similar
2 (45° with the spin to 25° Teutral i1 1 to that of unrevised
against the spin for recovery) Yy 2 2 model (chart 1)
13
Down =
y’ 4
11 11
b i
3 50~porcent~-rudder-chord increase Do.
THeutral R
2" 2
1 1
v |®), @] 13 | f
1
L Sharp-leading-edge wing Heutral | (b), (e) % Pt Do.
‘ 1 1
Dovm (b), (e) | 1, 1-2- 3
Wing-tip extensions, with negative
I B ’ & w | () ®) o
1l 1
Up =, =
¥y
6 Ventral f£in Do.
Heutral _]:, i
L 4
Up d%
T Horizontal fins A Do.
Down -
8 Horizontal fins B Up | -— Po.
9 Horizontal fins C Up - Do.
10 Horizontal fins D Up - Do.
o. Motion obtained similar
1) >
11 Horizantal £ins E 2 1, 4 but somswhat stesper
Doim e>3 than that of unre-
vised model (chart 1)
Motlcn obtainsd similar
12 Horizontal fins F Up -—— to that of unrevised
model (chert 1)

20ondition numbers refer to condition numbers of table II.
byiolently oscillatory.
CModel goes inverted during oscillations.
‘Rocovery attempted by simultansous neutralization of rudder and elevator.
Svisual estimate.

15
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L4
TABLE IV.- EFFECT CF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS OF Al—';L?SCALE
MODEL OF THEE CORNELIUS XFG-1 GLIDER - Continusd
Recovery for aileron
Condition Hodel condition position indicated
mm(mgr Romarks
a Elevator Full Full
Rovision or cambinaticn of revisions position inst Heutral with
(a) Originel vertical-tail length
Motion obtained similar
13 Horizontal fins G Up ——— to that of unrevissd
model (chart 1)
o [- 398 -}
i Up TJI to 2 % to%‘ ---
k12 Spoilers A Do.
Down -—
15 Spoilers B Up -—- -— Do.
16 Spollers C Up --- -—- Do.
Up ——
7 Spoilers D Do.
Down -—
Motion obtained similax
to that of unrevised
—_— model except rotation
18 Spollers E Up about spin axis is
stopped without control
movemsnt.
T >5 Motion obtained flatter
19 Slats A P (with adverse effect on
Houtral 56 recoveries) than that
. of unrevised modsel
1 i1
Up 13 27 2 Motlon obtained simllar
20 Slats B 1 3 to that of unrevised
Heutral % model. (chart 1)
Up - |21
L2 Mot%on obtained flatter
with adverse effect
2 Slats C Neutral >4 on recoveries) than
that of unrevised modsl
Dowm >y
11 i
Tp i -— - Motion obtained similar
22 Slat B - inboard wing to that of unrevissd
Neutral - model (chart 1)
1l 1
Up E’ l_‘. ——— ama
23 Slat C - inhoard wing Do.
HNeutral ——-
1 1 1
T; = = =
® 2 i m
. Motion obtained similar
e 3 1 to that of unrevised
ah Wing A THeutral T 2 model except oscil-
1 lations more violent
we | — |21 4

8Condition numbers refer

Svisual estimate.

to condition numbers of table II.
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TARLE IV.~ EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS CF A l;. 8 SCALE
MODEL OF THE CORWELIUS XFG-1 GLIDER - Continued
Rocovery for aileron
Condition Model condition position indicated
nm?'bgr T Romarks
a Elevator Full Full
Revision or combination of revisions position | against Neutral with
(2) Original vertical-tail length
Up 11
% Motion obtainad similar
25 Wing B 11 to that of umrevised
Neutral >3 model (chart 1)
UP —
26 Wing A - squared wing tips Do.
) Down -—
3 el
Up i 3.
27 Wing A - slat B Do.
Neutral -E, 1,3
up % >3 | >gk
2 2 Motion obtained flatter
(with adverse effect
28 Wing A - slat C - outboard wing Neutral >k on recoveries) than
that of unrevised model
Down >
i
11 1
e 5% | 33 i
13 Motlon obtained similar
_ Noutral >5 2,51 = but somswhat steepsr
29 Wing A - squarsd wing tips - slat B H ‘]} IR 1 that of ol
3 1 vised model (chart 1)
Dovn 1,33 P h 1
N R e
Motion obtained similer
30 Wing A - slat B - inboard wing Heutral 1 to that of unrevissd
L model (chart 1)
Dowm -
Up . Motion obtained similar
but somswhat steeper
31 Wing B - decreased fuselage length —— — £Y that of iead
model {chart 1)
. 1 Motion obtained similar
32 Wing B - slat A Up Z to that of unrevised
model (chart 1)
Up ——-
33 Wing B - slat A - inboard wing Do.
Neutral ———
. Up =T
34 Wing B - squared tips - slat & Do.
Neutral -—-
Up -—
35 Wing B ~ squared tips - slat A - Do.
inboard wing Woutral -

8tondition numbers refer to condition numbers of table IT.

isual estimate.
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TABLE IV.- EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS OF A Tlé—SCALE

MODEL: OF THE CORNELIUS XFG-1 GLIDER - Concluded

Recovery for alleron
Condition M(zdel condition position indicated
num‘bgr Romarks
(a Elevator| Full Full
Revision or combination of revisions position inst Noutral with
(b) Increased vertical-tail length
Motion obtained similar
37 Ix and Ig increased 159 percent Ix Up -—- to that of unrevissd
model (chart 2)
38 Iy and Iy increased 319 percent Iy Up lé’ % Po.
39 Wing £1llets A Up _;2.. o.
ko Wing fillets B Up 2 1 Do.
K -
% Wing fillets C Up %, % Do.
ko Horizontal strips A Up %J .1_1+ Do.
Spins obtained, steepsr
Up 11 and steadier than
I thoss of unrevised
43 Horizontal strips B T model; stalled glide
Neutral —2-, p porsisted following
Tecovery
£ d f7 d big
Up 3, % |E > %,f:a Motion obtained similar
4 Horizontal strips C to that of unrevised
Heutral 11 model (chart 2)
2’ 2
L5 HoPzontal fins A Up ! B . Do.
2 L
46 Horizontal fins B Up %, d% To.
w b
49 Horizontal fins C Do.
Neutral 1
2
Spins obtained, steepar
and steadier than
0 Horizontal fins D Up LS I those of unrevised
5
L modsl; stalled glide
persisted following
racovery

2Condition numbers rafer to condition numbers of taeble II.
°Tisual estimate.
Rocovery attempted by reversing the rudder full ageinst and the elevators to neutral,

‘e



CHART 1.~ SPIN AND RECOVERY CHARACTERISTICS OF A l—;'—B—SCAL‘B MODEL OF THE CORNELIUS XFG-1 GLIDER IN THE ORIGINAL CONFIC

Elormal loading; model was launched with spinning rotation to the right; rudder full with the spin; recovery from the ensu
vag attempted as indicated

Oscillatory spin, violent rolling
and pitching motions.

By rudder reversal, made 3
to i turn and went into

flat, stalled glide, By
elevator reversal, made 1

to 2 turns, pitched inverted
and then rolled erect, By
simultaneous full rudder and
elevator reversal, made 2 turns
and went into steep dive tending
to pitch inverted,

O0scillatory motion, violent roll-
ing and pitching oscillations
vhich increased-until model
inverted.

Allerons
full against

74 ZU
92 | 24D | Oscillatory spin

181 and pitching motions,

alternated with rolling

By rudder reversal, made 1 turn and

wvent into flat, ‘stalled glide
with rolling osecillations, By
elevator reversal, went into
spin with motion {-ypical of
elevator dowvn spin, By simul-
taneous full rudder_and eleva-—

tor reversal, made L turn and

went into steep dive tending %o
piteh inverted.

3talled glide with
oscillation,

By rudder reversal,
stalled glide.

reversal, went J
typical of elevs
By simultaneous
elevator reverss
dive tending to

£

L o
g oM
> ~lo
3|52
M o

Wandering and osclllatory spin,
alternated with rolling and
pitching motions,

Adlerons full wi

Steep spiral motior
and pitching osc

Oscillatory motion, violent roll-
ing and pitching oscillations
which increased until model
inverted,

(Stick left)

By rudder reversal, made L turn,

went into steep, stalled glide,
and started to turn to left,

(Stick right)

By rudder reversal,

went into a dive
the left,

Elevator
£ull down
(Stick
forward)

Steep osolllatory spin, alternated
with rolling and pifching
motions,

Hodel values
converted to
gorresponding
full-scale values,
U dinner wing up
D inner wing down

Steep spiral motion
and yawing oscil

y rudder reversal,
and pitched inve

Natur
alp be

mo
re

Nature of mo
control m




CHART 2.- SPIN AND RECOVERY CHARACTERISTICS OF A --I—-SGME MODEL OF THE CORNELIUS XPG-1l GLIDER WITH INCREASED VERTICAL TAIL LE

17.8

[:Homal loading; model was launched with spinning rotation to the right, rudder full with the spin; recovery from the ensuin
motion was astempted as indicated]

22 ESU Oscillatory spin with alternate
114 | 43D rolling and pitching motions

175] 0.20

By rudder reversal, made % turn and dived

steeply, then pulled up into & flat
attitude, turning to the left. By
gimultaneous full rudder and elevator

reversal, made % turn and went into a
steep dive and pitched into an inverted
spin, By simultaneous neutralization
of rudder and elevator, made from :'2;

to 1%. turns and went into a steep dive

and pitched inverted, By simultaneous
neutralization of rudder and reversal

of elevator to full down, made & to
1 turn and went into a dive.

Oscillatory motion with violent rolling
oscillations for about 12 turns and

52 o
T7 | 23U | 0scillatory spin with

rolling motion,
170 | 0,17
2

By rudder reversal, made 3 turn and

went into flat, stalled glide, By
similtaneous full rudder and eleva—

tor reversal, made j turn and went

into an inverted spin, By simul~
taneous neutralization of rudder

and elevator, made 3 turn and went
in a dlve or continued to spin for
more than 2% turns, By simultaneous

neutralization of rudder and rever—
sal of elevator to full down, made

% to %. turn and went into a steep
dive with tendency to pitch inverted,

then wént into a dive,

Oscillatory motion with alternate
rolling and pitching oscillations
which Increased until model went
into a steep dive and pitched
Inverted,

45 2u

86 | 270 | Oscillatory ¢
rolling mc

170 | 0,19 .

By rudder reversal, made

went into a flat, stal
simultaneous full reve

and elevator, made 3> t

into a dive and pitche
spin, By simultaneous

rudder and elevator, n

went into a flat, stal
simultaneous neutrall:
and reversal of sleval

made %- turn and pitche
inverted glide,

e
28|43 :
§3|32
gal~
Allerons 37 | 20 | gteep wandering and oscil— Ailerons
full against 7;g 24p 1?'§§ry igin, algerﬁtggn full with jyandering spin with yawir
W, 10 an ohing
(3tick 170 | 0.23 Hotiona,y 8 P (3tick
left) T right)
By rudder reversal, made T turn and went By rudder reversal, made
into & dive, into & dive,
) g -
HER
R
9|2k
2] ~
Steep wandering spin with rolling
o oillations. Wandering spin with yawir
By rudder reversal, made from L to By rudder revexrsal, made
L turn and went into & steoep dive into & dive,
and pitched inverted,

Model values a |4} Nature of
converted to control
corresponding Viea recovex

. full—sealo values,
U inner vwing up Nature of motior
D inner ving down movement,

‘



CHART 3.— SPIN AND RECOVERY CHARACTERISTICS OF A i—%-SGAIE MODEL OF THE CORNELIUS XFG—1 GLIDER WITH

INCREASED VERTICAL~TAIL LENGTH, HORIZONTAL FINS AND HORIZONTAL STRIPS

Elormal loading; model was launched with spinning rotation to the right, rudder full with the spin; recovery from the ensuing !
vas attempted as indicated]

Two types of spin

&5

Wide radius spin
169 |0.24

67| 6ép
87 | ¥ap

Oscillatory spin
172 | 0,20

By rudder reversal, made
L tyrn end vent into o
f£lat, stalled glide, By
simui taneous neutrali~
zatloh of rudder and
reversal of elevator to
full down, made = turn
and went into a steep
dive and pitched
inverted.

By rudder reversal, made
1 turn and went into a
flat, stalled glide., B
simuitaneous neutralization
of rudder and reversal of
elevator to full down, made
% to 2 turn and went into &

steep dive and pitched
inverted., By simultaneous
neutralization of rudder and
reversal of elevator to

2 gown, made % to 1 turn and

went into a steep dive, By
simultaneous neutralization
of rudder and reversal of

elevator o down, made %- to
32—' turn and vent into a steep
dive and pitched inverted.

Ailerons
full against

(Stick left)

541120 lyyge radius s 25 | 6u
pin
6% | 20 |"y1th rolling 61 33D
178 | 0.5 oscillations, 175 |0.17
By rudder reversal, made By rudder :
L turn and vent into a L urn
%J.at; stalled glide, By ?lat 3
simultaneous neutrali- simuite
zation of rudder and of rudd
reversal of_ elevator to full elevato
dovn, made = to 1 turn and ]2—"',0 3
went into a steep dive and steopud
pitched inverted, By simul-
taneous neutralization of
rudder and reverssal gf eleva—
2 Ly, L
tor to 3 dovn, made I to 5 turn
and went into & steep dive, By
simultaneous neutralizetion of
rudder and reversal of eleistor
to dowvn, either made from %
to 11 turn and vent into a flat,
stalled glide or didn't recover
in 2 turns.
/]
:6_;?‘ _:.’13? Elevator neutral -
]
ga EE Ailercns neutral
ol ~—
[
36| o
55 | 14D Allerons
Oscillatory spin full with
178 {0.25
(stick
By rudder reversal, made right)
%-turn (visusl observation)
and went into & dive.
P Na
Model velues a
converted to Vi
ocorresponding
full-scale values,
U dinner wing up Nature of
D inner wing down contro




CHART 4,~ SPIN AND RECOVERY CHARACTERISTICS OF THE 1—1—8--SGAIE MODEL OF THE CORNELIUS XFG-1 GLIDER WITH INCREASED VERTICAL~TAIL LENGTH,

HORIZONTAL FINS, AND HORIZONTAL STRIPS AND WITH THE CENTER OF GRAVITY MOVED REARWARD

[center of gravity moved 5 percent mean acrodynamic chord rearward of normal; model vas launched with spinning rotation to the right, rudder
full with the spin; recovery from-the ensuing motion was attempted as indicated

Two types of spin

56| 70 0scillatory spin 46 | 14U 27 | 26U | 0scillatory
64| 2 “alternated wifh 75 | 28D | SO ey 89 | 43p spin, alter-
Wide radius spin rolling and motion, nated with
1661 0.16 178 | 0.20 pitching motions, 169 | 0.14 178 { 0,18 rolling and
- pitching motions,
By gimxlt%neog‘si neutgaliza— By simultaneous neutralization By rudder reversal, made L turn By rudder reversal, made % turn
on of rudder an of rudder and reversal of
and vent into a flat, stalled and went into a flat, stalled
reversal of elev%tor to glevator to full down, made glide, By simultaneous glide, By simultaneous neutral-
full down, made i turn S to 1 turn and pitched neutraliwgio? oftrud%erfa“gg igation :1’ r\éddgrlg.nd reversal
reversal of elevator to of elevator to full down
and pitched inverted., inverted ’
e . * dowvn, made 1 4o L turn and made % turn and pitched inverted
pitched inverted. and rolled with the allerons
Into an erect glide. |
—
S
f 2
43’5‘ : Elevator neutral
Eg ﬁ © Ailerons neutral
%] 7}
Z
Ailerons 23 187 | Wandering spin with Ailerons
full against 32D rolling and full with
pitching oscil~
. (Stick left) lations, {Stick
right)

By rudder reversal, made ]ﬁ- turn

and went into a dive and
started to spin to the left. W

Model values o | f [Nature of motion before
converted to control movement for
corresponding vie recovery.
full—gcale
values, Hature of motion after control
U inner wing up movement,

D inner wing down

LTHEIS "ON WY VOVN
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CHART 5.~ SPIN AWD RECOVERY CHARACTERISTICS OF A ﬁ-SCAL'E MODEL OF THE CORNELIUS-XFG 1 GLIDER WITH INCREASED VERTICAL-TAIL LENGTH

AND A HORIZONTAL TAIL

Mormal loading; model was launched with spinning rotation to the right; rudder full with the spiny recovery from the ensuing motion

vas attempted as indicated]

§1{ 10
53| 16U { Normal spin with relatively

slight oscillations,
163 | 0.43

tf

y rudder reversal, model made from 2
to 2% turns and dived stoeply.

Model would not spin, launching rota—
tion being damped in 13 turns with
model diving steeply.

Ailerons
full against

39 2D
512 Normal steady spin,

180, 0.41

By rudder reversal, model made from
1% to 21_- turns and dlved steeply.

Elevator
{stick
‘back)

full up

(Stick lef't)

odel would not spin, launching rota—
tion being damped in 9 turns with
the model diving steeply.

Model would not spin, launching
rotation being damped in 7 turns
with model diving steeply.

Allerons
full with

22 12D
4 20 | Normal spin with relatively

slight oscillations,
189 [0.46| ,

By rudder reversal, model made
1% turns and dived steeply.

311 10 | vandering spin, with

relatively slight

186 | 0.52 oseillations,

£
1) E o
o
851 ™
30 | M~
Bl S
| B3
2] 0 x

~

Model would not spin, launching
rotation being damped in 8 turns
with model diving steeply.

(Stick right)

Model values
converted
to corre-
sponding
full-scale
values,

U inner

D inner

By rudder reversal, made 2 to 2%— turns
and dived steeply.

7 Steep spin
228 | 0.67

By rudder reversal, model made ,1—‘ to

1% turns and dived steeply,

a | £ | Nature of motion before
control movement for
vin recovery.

Nature of motion after control
movement,

L1BGTIS "ON Wd VOVN
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Figure 1.- Three-view drawing of the %g-scale model of the Cornelius XFG-1

glider as tested in the free-spinning tunnel. Center of gravity is shown for
20 percent of mean aerodynamic chord.



NACA RM No. SL8H17

Figure 2.- Photographs of a ﬁl—g—scale model of the Cornelius XFG-1 glider

as tested in the Langley 20-foot free-spinning tunnel.



RUDDER
INCREASI

@ONDITIO

% \—RUDDER

HINGE LINE

Figure 3.- Rudder modification tested on the -1—,-71—8--sca1e model of the XFG-1 glider with the origina

vertical-tail length.



CONDITION NO.5 |

A
3 A
/\5 _ _ /"\ _ _ — —
+ X
DESIGN TIP CHORD=31.2
(E X TENSIONS CONTINUE WITH
SAME TAPER AS WING AND
HAVESAME TIP SHAPE AS
WING)
’Figure 4.- Wing extensions with negative dihedral tested on the -171—8-sca1e model of the XFG-1 ¢

with the original vertical-tail length. (Dimensions are in inches, full scale,)



| RUDDER
HINGE LI
CONDITION NO.© |
— :
S—FUSELAGE & i i
= 267
< n__
. 1407 ——] \_
- Vel

Figure 5.- Ventral fin tested on the st-scale model of the XFG-1 glider with the original

vertical-tail length, (Dimensions are in inches, full-scale.)
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LEADING EDGE
HINGE LINE OF RUDDER
LEADING EDGE OF
HORIZONTAL FINS
LOCATED HERE

LEADING EDGE OF
HORIZONTAL FINS
LOCATED HERE

ING PROFILE AT JUNCTURE
OF WING WITH FUSELAGE

FIN A

CHORD = 10.0I A\ CONDITION NO.7
SPAN = 75.1 ]

FIN E p 7
ARG

TiP= 20.56 CONDITON NO.II

N A
FIN B j
CHORD = 100! CONDITION NOB \

SPAN =112]

FINF
] CoNDITION
CHORD=20,57 NO.12
SPAN (LI
FIN C CONDITION /
CHORD 10,01 No.S
SPAN 145,2

FIN G
CHORDIOO! E , CONDITION
SPAN 751 )

Figure 6.- Horizontal fins tested on the I—%l—ig--scale model of the XFG-1 glider

with the original vertical-tail length. (D'imensions are in inches, full scale.)
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SPOILER HINGE LINE

SPOILER A
CONDITION No. 14

SPOLER B
CONDITION NO. |15

———— . - I - =
+

Eirs

SPOILER C
CONDITION NO.I6.

-—r Ca——— . '\l___- = - -
T

Figure 7.- Under-surface spoilers tested on the

SPOILER HINGE LINE

SPOILERS D
CONDITION NOI7

P T e——  ———

T Tae A\

199.4

SPOILERS E ,
CONDITION NO.I8

m (T

1,7L8-sca1e model of the XFG-1 glider with th

original vertical-tail length, (Dimensions are in inches, full scale.)
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SLATS A

SLATS B
CONDITION NO20

f l.86 o C
“ 658%¢c
l—‘ 171,3 13522 — — 4

167 IS.OZ%C
v L _EADING-EDGE
~NACA, WING
TrPICAL SLAT SECTION
(CONTOUR OF SLAT CORRESPONDS

TO CONTOUR OF FORWARD 203 OF
UPPER SURFACE OF WING)

4

Figure 8.- Leading-edge wing slats {ested on the -1—71—8--sca1e model of the

XFG-1 glider with the original vertical-tail lengtk;. (Dimensions are in
inches, full-scale.)
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:": ORIGINAL WING
S AR=8.28

WING A
AR=567
CONDITION NO.24

SQUARE P
Y NS
WING TIPS 6212
P 1 _L
l———492.8
WING B
AR=358

CONDITION NO.25

SQUARE
WING TIPS — 7

>
l———336,4 . >

Figure 9.- Wings with decreased aspect ratios tested on the ﬁl—s--scale model
of the XFG-1 glider with the original vertical-tail length. (ﬁimensions are

in inches, full scale.)



CONDITION NO.36

ORIGINAL VERTICAL
TAIL POSITION

FUSELAGE EXTENSION CONE
IS GENERATED BY STRAIGHT
LINES WHICH ARE TANGE
TO ORIGINAL FUSELAGE

AT THIS POINT

RUDDER HINGE LINE
42.9—’ &

-~

N 3.3

1
\
\
\

|
}

\
,/REVISED VER
© TAL POSIT

Figure 10,- Increased vertical-tail length tested on the —l—-scale model of the XFG-1 glider,

17.8
(Dimensions are in inches, full scale,)
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v w w
e S0

[ ] [ ]

[ ] [ ] [ ]
[ 1Y 1} (1)

le— 492 —

FILLETS ARE IN
" WING CHORD PLANE
FILLET A —
CONDITION NO.39

FILLET B
CONDITION NO. 40

FILLET C
CONDITION NO.4|

Figure 11,- Wing fillets tested on the ﬁ—lg-scale model of the XFG-1 glider
with increased vertical-tail length. (Dimensions are in inches, full scale.)
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STRIP A .
' TRAILING EDGE OF
CONE:;L?; ) STRIP ARE IN LINE"

WITH TRAILING
EDGE OF WING
STRIPS-AT FUSELAGE
CENTER LINE

e

—
AN
S\

Figure 12.- Horizontal strips tested on the Tlg'-scale model of the XFG-1

glider with increased verticgl-tail length. (Dimensions are in inches,
full scale.)



FUSELAGE CENTER LINE

STRIPS ARE ON

STRIP C
GCONDITION

NO.4 4

STRIP B
CONDITION
N0.4 3

Concluded.

Figure 12.-
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FINS ARE ON
EﬁﬁELAGE CENTER
——T"
22,2
,-267*\
FIN A

CONDITION NO.4 5

TRAILING

NACA

Figure 13.~ Horizontal fins tested on the ﬁ-scale model of the XFG

with increased vertical-tail length, (Dimensions are in inches, full

EDGE

OF WING

-1 glider

scale.)
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FIN B
CONDITION NO.47

2

SECTION A-A

Figure 13.- Continued.



FiN. C

| __—RUDDER HINGE LINE |
T
6.73_A | R
FIN D
CONDITION NO,50 CONDITION '
NO.51
{
/ N I ‘5 _ —
FUSELAGE .
% %NTER LINE pals
T %
% 4
7 CHORD PLANE %
557 | / 55
- ]
IR 118 /A l
35,6+ le-35.6+ ™
SECTION A-A SECTION B-B

Figure 13.- Concluded,
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r 224 7 .
7 |
71.2 | iiﬁ
TalL A
CONDITION NO.52 |

TRAILING EDGE
OF WING

— — —

T,N}&CA?
Figure 14.- Horizontal tail tested on the I.%-é--scale model of the XFG-1 glider

with increased vertical-tail length.. (Dimensions are full scale.)
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O AI rp/ane value
o Model values

500
x/é"m

y 7
é]’ﬂ 27 216 a7 / /
NN /
20 VAVAVA AVaVA ﬁ
Njg % 60 -200 Vb 400 x 107

_ ly-1z Relative /nass d/'sfribufion

m b= _increased iong the Wings

Figure 15.- Mass parameters for the 102ding of ‘the Cornelius XFG-1 glider and
for loadings tested on the models. (Points are for loadings listed in table T
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Figure 16.- Typical motion of 2 ﬁl—s—scale model of the Cornelius XFG-1
glider in the original design condition and in the normal control con-

figuration for spinning. Sixty-four frames per second.



Figure 16.- Continued. '
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Figure 17.- Typical motlon of a 1—71—8-sca1e model of the Cornelius XFG -1

glider with increased vertical-tail length and in the normal control con-
figuration for spinning. Sixty-four frames per second.
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Continued.

Figure 17 -
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Figure 17.- Continued.
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Figure 17.- Concluded.
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Figure 18.- Typical motion of a %é--scale model of the Cornelius XFG-1

glider with increased vertical-tail length, horizontal fins, and horizontal
strips, and in the normal control configuration for spinning.
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Figure 18.- Continued.
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Figure 18.- Continued.
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Figure 18.- Concluded.
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Figure 19.- Typical motion of a %-scale model of the Cornehus XFG-1

glider with increased vertical-tail length and a horizontal tail and in
the normal control configuration for spinning.
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Figure 19,-

Concluded.



